Development of a continuous microwave reactor for the production of zinc oxide by Razali, Ili Rabihah
DEVELOPMENT OF A CONTINUOUS MICROWAVE REACTOR FOR THE 
PRODUCTION OF ZINC OXIDE 
 
 
ILI RABIHAH BINTI RAZALI 
 
Universiti Teknologi Malaysia 
  
 
DEVELOPMENT OF A CONTINUOUS MICROWAVE REACTOR FOR THE 
PRODUCTION OF ZINC OXIDE 
ILI RABIHAH BINTI RAZALI 
A thesis submitted in partial fulfilment of the 
requirements for the award of the degree of 
Master of Science (Chemistry) 
Faculty of Science 





I would like to thank my supervisor, Dr. Rafaqat Hussain for his guidance, 
ideas and support during my research. I also would like to thank my co-supervisor, 
Prof. Dr. Mustaffa Shamsuddin for his support during my Masters research. Also to 
my team mate, Goh Yi Fan, Muhammad Akram and Ammar Zaidan Alshemary, I 
thank you for all your guidance and support. 
 
I would like to dedicate my thesis to my family for their endless emotional, mental 















This study involves experimental design and development of continuous 
microwave reactor for the production of zinc oxide (ZnO) nanoparticles.  The reactor 
consisted of a modified household microwave oven which was operated with a 
frequency of 2.45 GHz and a maximum output power of 800 W. The modified 
microwave reactor was equipped with two peristaltic pumps and connected to glass 
columns via T-junction to allow for mixing of the reactants, zinc nitrate hexahydrate 
(Zn(NO3)2.6H2O) and sodium hydroxide (NaOH), in the microwave system. The 
effect of process parameters such as retention time, microwave power and reactant 
concentration on the phase composition, particle morphology and optical properties 
of ZnO was investigated. At a fixed concentration of the reactants, crystalline phase 
of ZnO was formed as observed from the X-ray Diffraction (XRD) patterns. Also, 
the phase crystallinity of ZnO was found to improve when the retention time of the 
reactants in the reactor was increased up to 20 min and increasing of the microwave 
power until 600 W. Besides, increasing the concentration of reactants has 
successfully produced crystalline phase pure ZnO nanoparticles which were obtained 
using the mole ratio of Zn(NO3)2.6H2O:NaOH of 1:2. Transmission Electron 
Microscopy (TEM) image revealed spherical-shape ZnO nanoparticles with sizes 
ranging from 6 to 12 nm and the result matched well with the crystallite sizes 
determined from the XRD data using the Scherrer equation. The ZnO nanoparticles 
exhibited a strong absorption in the 390 nm region of the Ultraviolet-Visible (UV-
Vis) spectra which is red-shifted from bulk ZnO (370 nm) with the band-gap value of 
3.15 eV. The peak intensity was increasingly decreased along with increasing of 
retention time, microwave power and reactant concentration while the band-gap 
energies were found to decrease upon increasing of the retention time, microwave 
power and reactant concentration. The green band emission observed in the region of 
350-470 nm in the Photoluminescence (PL) spectra suggests the presence of high 
oxygen vacancies in the ZnO lattice which then further reduced with increasing of 




Kajian ini melibatkan rekabentuk eksperimen dan pembangunan reaktor 
gelombang mikro berterusan untuk penghasilan zarah nano zink oksida (ZnO).  
Reaktor tersebut adalah terdiri daripada gelombang mikro isi rumah terubahsuai yang 
beroperasi pada frekuensi 2.45 GHz dan kuasa pengeluaran maksimum 800 W. 
Reaktor gelombang mikro terubahsuai tersebut dilengkapi dengan dua pam peristaltis 
dan dihubungkan dengan turus kaca melalui persimpangan-T untuk mencampurkan 
reaktan, zink nitrat heksahidrat (Zn(NO3)2.6H2O) dan natrium hidroksida (NaOH) 
dalam sistem gelombang mikro.  Kesan parameter proses seperti masa penahanan, 
kuasa gelombang mikro dan kepekatan reaktan ke atas komposisi fasa, morfologi 
zarah dan sifat optik ZnO yang terbentuk telah diselidiki. Pada kepekatan reaktan 
yang tetap, fasa habluran ZnO terbentuk seperti yang diperhatikan pada corak 
pembelauan sinar-X (XRD). Juga, fasa kehabluran ZnO didapati bertambah apabila 
masa penahanan reaktan di dalam reaktor dilanjutkan sehingga 20 min dan 
meningkatkan kuasa gelombang mikro sehingga 600 W. Di samping itu, 
meningkatkan kepekatan reaktan telah berjaya menghasilkan fasa habluran tulen 
zarah nano ZnO yang diperoleh menggunakan nisbah mol 1:2 untuk 
Zn(NO3)2.6H2O:NaOH. Imej Mikroskopi Penghantaran Elektron (TEM) 
mendedahkan zarah nano ZnO berbentuk sfera dengan saiz dalam julat dari 6 hingga 
12 nm dan keputusan ini sepadan dengan saiz kristalit yang ditentukan daripada data 
XRD menggunakan persamaan Scherrer. Zarah nano ZnO mempamirkan penyerapan 
kuat di kawasan 390 nm pada spektrum Ultra-lembayung-Nampak (UV-Vis) yang 
teranjak merah berbanding ZnO pukal (370 nm) dengan nilai luang jalur 3.15 eV.  
Keamatan puncak tersebut semakin menurun dengan pertambahan masa penahanan, 
kuasa gelombang mikro dan kepekatan reaktan manakala nilai luang jalur didapati 
semakin menurun dengan pertambahan masa penahanan, kuasa gelombang mikro 
dan kepekatan reaktan. Pancaran jalur hijau yang diperhatikan dalam kawasan 350-
470 nm pada spektrum fotoperdarcahaya (PL) mencadangkan terdapat banyak 
kekosongan oksigen dalam kekisi ZnO yang semakin berkurangan dengan 
pertambahan masa penahanan, kuasa gelombang mikro dan kepekatan reaktan. 
